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WKH SODQW HQJLQHHU UDQJLQJ IURP WKH VDFULILFLDO EXUVWLQJ GLVF WR WKH FRQWUROOHG SLORW RSHUDWHG GHYLFH 1DWLRQDO
VWDQGDUGVDUHDYDLODEOHWRHQVXUHWKHFRUUHFWVSHFLILFDWLRQLQVWDOODWLRQRSHUDWLRQDQGPDQXIDFWXUHRIWKHYDOYHV>@
:KLOHWKHVHVWDQGDUGVSURYLGHGHWDLOHGJXLGDQFHRQWKHDSSOLFDWLRQDQGXVHRIWKHYDOYHVWKHHTXLYDOHQWHQJLQHHULQJ
NQRZOHGJHIRU WKHDQDO\VLVDQGGHVLJQRI WKHYDOYHVLV OHVVHYLGHQW LQ WKHJHQHUDO OLWHUDWXUH7KHUHDVRQIRU WKLV LV
DSSDUHQWZKHQRQHFRQVLGHUVWKHRSHUDWLRQRIVDIHW\UHOLHIV\VWHPV7KHRSHQLQJDQGFORVLQJRIDVDIHW\YDOYHDQGLWV
UHVXOWLQJG\QDPLFUHVSRQVHLVGLUHFWO\UHODWHGWRWKHIRUFHVDFWLQJRQWKHYDOYHGLVFSLVWRQWKHPRYLQJHOHPHQWRI
WKH YDOYH ,Q VLPSOH VSULQJ ORDGHG UHOLHI YDOYHV WKH IRUFHV DUH GRPLQDWHG E\ D VSULQJ IRUFH DQG WKH SUHVVXUH
GLVWULEXWLRQRQWKHGLVFZKLFKLVGLUHFWO\FRXSOHGWRWKHORFDOIORZFRQGLWLRQVDQGWKHYDOYHGLVFQR]]OHGHVLJQ7KH
IORZFRQGLWLRQVFDQEHFRPSOH[LQYROYLQJKLJKVSHHGFRPSUHVVLEOHIORZUHVXOWLQJLQPXOWLSOHFKRNHGIORZORFDWLRQV
DQG SRWHQWLDO VKRFN FRQGLWLRQV &RPSXWDWLRQDO DQDO\VLV DSSURDFKHV XVLQJ &)' WHFKQLTXHV DUH QHFHVVDU\ WR
DSSUHFLDWH WKH GHWDLOHG LQWHUDFWLRQ EHWZHHQ WKH YDOYH HOHPHQWV DQG WKH IORZ $W SUHVHQW WKHVH WHFKQLTXHV FDQ
JHQHUDOO\ EH DSSOLHG WR VLQJOH SKDVH VWHDG\ IORZV ZLWK UHDVRQDEOH FRQILGHQFH EXW KDYH EHHQ GHYHORSHG OHVV IRU
XQVWHDG\RUPXOWLSKDVHRSHUDWLRQ)RUWZRSKDVHIORZVLQVDIHW\YDOYHVYDU\LQJGHJUHHVRIFRPSOH[LW\DUHSRVVLEOH
DQG FDQ LQYROYH PDVV WUDQVIHUV GXH WR ERLOLQJ FRQGHQVDWLRQ DQG FKHPLFDO UHDFWLRQV ZLWK PXOWLSOH FRPSRVLWLRQ
PL[WXUHVZLWKFRPSOH[UKHRORJ\,QWKLVSDSHUKRZDVDIHW\YDOYHUHVSRQGVWRDFODVVRIWZRSKDVHIORZUHVWULFWHGWR







DQ LPSRUWDQW FKDUDFWHULVWLF ZLOO LQIOXHQFH WKH YDOYH RSHUDWLRQDO SHUIRUPDQFH ,W LV JHQHUDOO\ FRQVLGHUHG WKDW WKH
VWHDG\ VWDWH FKDUDFWHULVWLFV DUH DSSOLFDEOH GXULQJ WUDQVLHQW FRQGLWLRQV LI TXDVL²VWDWLF DVVXPSWLRQV DSSO\ZKLFK LV
79 W. Dempster and M. Alshaikh /  Procedia Engineering  130 ( 2015 )  77 – 86 
JHQHUDOO\ WKHFDVH LISUHVVXUHZDYHDFWLRQVKDYHQRHIIHFW)LJ VKRZVH[DPSOHVRI WKHFKDUDFWHULVWLFV DQGKRZ
LQWHUDFWLRQEHWZHHQVSULQJDQGIORZIRUFHVGHWHUPLQHDVWHDG\RSHQLQJSRVLWLRQ/RSHQDQGUHVXOW LQD IORZUDWHۻሶ 
RSHQ ,W LV WKHYDOYHGHVLJQHU¶VREMHFWLYH WRFUHDWHDYDOYHJHRPHWU\ WKDWZLOODOORZ WKHYDOYH WRRSHQDQGFORVH
HIIHFWLYHO\ DW WKH GHVLUHG YDOYH VHW SUHVVXUH UHTXLUHG IRU WKH VDIH RSHUDWLRQRI WKH SUHVVXUL]HG V\VWHP)RU VLQJOH
SKDVHFRQGLWLRQV LW FDQEHVKRZQ WKDW WKHYDOYHGLVF IRUFHVDUHJHQHUDOO\D IXQFWLRQRIGLVFRSHQLQJSRVLWLRQDQG
SUHVVXUH )LJ  EHORZ VKRZV WKLVZKHQ WKH VFDOLQJ SDUDPHWHUVࡹഥ DQGࡲഥ  DUH XVHG WR QRQGLPHQVLRQDOLVH WKH
IRUFHDQGIORZGDWDGHWHUPLQHGDVSDUWRIWKLVSDSHUIRUVLQJOHSKDVHFRQGLWLRQV7KHQRQGLPHQVLRQDOLVHGGDWDIRUD
















   
)RU TXDVL VWHDG\ FRQGLWLRQV WKHVH FXUYHV DOORZGLVF IRUFHV WR EH FDOFXODWHG DW DQ\SUHVVXUH GXULQJEORZGRZQ
6RQJHWDO>@XVHVWKLVDSSURDFKVXFFHVVIXOO\LQDYDOLGDWHGFDVHGVWXG\ZLWKD&)'JHQHUDWHGIRUFHOLIWFXUYH)RU
WZRSKDVH FRQGLWLRQV WKHGHSHQGHQF\ LV OHVV FHUWDLQ+RZ WKH YDOYH UHVSRQGV G\QDPLFDOO\ XQGHU WZRSKDVH IORZ
FRQGLWLRQVGRHVQRWVHHPWRKDYHEHHQDGGUHVVHGLQDQ\GHWDLO7KHRQO\SDSHUWRWKHDXWKRU¶VNQRZOHGJHLVWKHZRUN
RI1DUDED\DVKL HW DO >@ZKRPHDVXUHG WKH WUDQVLHQW EORZGRZQ GLVF IRUFHV IRU D QXPEHU RI GLIIHUHQW WZR SKDVH
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7KLVLVVRPHZKDWFRXQWHUHGE\WKHHDUO\ZRUNRQGUDJGLVFVDVDPHDQVRIPHDVXULQJWZRSKDVHPDVVIORZV>@
ZKLFKVKRZHGWKDWGHSHQGHQF\RQWKHWZRSKDVHPRPHQWXPIOX[LHGUDJIRUFHKDVDGHSHQGHQF\RQPDVVIUDFWLRQV
7RXQGHUVWDQG WKHGHSHQGHQFLHVEHWWHU WKLVSDSHU LQYHVWLJDWHV WKH IRUFHVDFWLQJRQ WKHGLVFRID VDIHW\YDOYH7KH
FRQGLWLRQV ZLOO LQYDULDEO\ EH FKRNHG DQG LQ FRQWUDVW WR HLWKHU RI WKH VWXGLHV ZLOO PHDVXUH WKH GLVF IRUFHV XQGHU
FRQWUROOHGOLTXLGPDVVLQMHFWLRQFRQGLWLRQV7KHSXUSRVHLVWRVKRZIRUDVDIHW\YDOYHLQWKLVFDVHSHUWLQHQWWRWKH












OLIWLQJ WR DOORZPDVV WR GLVFKDUJH YLD DQ DYDLODEOH IORZ DUHD 7KH SLVWRQ OLIW UHOLHV HVVHQWLDOO\ RQ WKH LQFUHDVLQJ
V\VWHPSUHVVXUHZKLFKLVH[SHFWHGWREHOLPLWHGGXHWRWKHJUHDWHUIORZGLVFKDUJHG7KHFXUUHQWZRUNLVVLPSOLILHGDV




$Q H[SHULPHQWDO IORZ IDFLOLW\ IRU YDOYH WHVWLQJ XQGHU VWHDG\ VWDWH IORZ FRQGLWLRQV ZDV GHYHORSHG WR DOORZ







SXPS7KH WHVW ULJ)LJFRQVLVWVRIDPP LQFKGLDPHWHUSLSHFRQQHFWHG WRDFRPSUHVVHGDLU V\VWHPWR





WZR SKDVH PL[WXUH WR D VHSDUDWRU 7KH 7 MXQFWLRQ FRXOG EH PDLQWDLQHG FORVH WR DWPRVSKHULF SUHVVXUH ,W KDV D
SUHVVXUHWDSSLQJILWWHGWRPHDVXUHWKHSUHVVXUHDWWKHYDOYHRXWOHW7KHYDOYHSLVWRQLVDWWDFKHGWRDPPORQJ







$& PRWRU FRQWUROOHG E\ D VSHHG FRQWUROOHU ZKLFK DOORZV DGMXVWPHQW RI WKH ZDWHU IORZ UDWH 8SVWUHDP RI WKH
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7HVWGDWDSUHVHQWHGLQWKLVSDSHUZDVWDNHQDWDSUHVVXUHRIEDUJIRUDOLTXLGIORZUDWHRI/PLQDQGDWD
IL[HGSLVWRQ OLIWSRVLWLRQRIPPZKLFKFRUUHVSRQGV WRD IXOO\RSHQSRVLWLRQRI WKHYDOYH7KLV DOORZHGD






WKH IRUP RI DQ LQGHSHQGHQW YDULDEOH 7KH HIIHFW RI WKH DLU IORZ LV WKXV LQYHVWLJDWHG DQG EHFRPHV WKH GHSHQGHQW
YDULDEOH
([SHULPHQWDO5HVXOWV









DW ORZHU OLIWVZKLFK GHFUHDVHV DV WKH OLTXLG IUDFWLRQ LQFUHDVHV7KH WZR SKDVH EHKDYLRXU DWPD[LPXP OLIW FDQ EH






4.2. Force Behaviour 
7KHIRUFHFKDUDFWHULVWLFVXQGHUOLTXLGLQMHFWLRQFRQGLWLRQVDUHVKRZQRQ)LJIRUYDULDWLRQLQGLVFOLIWDQGDJDLQ
LQ)LJDDQGEIRUYDULDWLRQVLQOLTXLGPDVVIUDFWLRQVDWIL[HGOLIWV7KHVH)LJVVKRZWKDWWKHIRUFHVDFWLQJRQWKH
YDOYHGLVFZLOO GHFUHDVH DV WKH OLTXLGPDVV IORZ LQFUHDVHV+RZHYHU WKH FKDQJH LV UHODWLYHO\PLQRU IRU WKH FDVHV
VKRZQ DQG OHDGV WR DQ DSSUR[LPDWH UHGXFWLRQ RI OHVV WKDQ  LQ IRUFH 7KLV ODUJHO\ VXSSRUWV WKH UHVXOWV RI
1DUED\DVKLHWDO>@







:KLOH WKH HIIHFWVRI WKH OLTXLGRQ WKH IRUFHV DUHQRW FRQVLGHUHG VLJQLILFDQW IURP WKHVHFDVHV LW LV SRVVLEOH WKDW
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7KLV)LJVKRZVWKDWIRUWKHREVHUYHGYDULDWLRQVLQIRUFH±OLIWFKDUDFWHULVWLFVGXHWRWKHFRQVLGHUHGOLTXLGLQMHFWLRQ
HIIHFWV WKH LQWHUVHFWLRQRI WKH VSULQJ OLQHFDQYDU\EHWZHHQPPDQGPPDQG IRUDYDULDEOH WZRSKDVH LQOHW
FRQGLWLRQZRXOGOHDGWRQRWDEOHRVFLOODWLRQLQWKHGLVFLIWKHVHYDULDWLRQVZHUHWRRFFXU




ZDV LQYHVWLJDWHG LQ WKLV VWXG\ E\ UHSHDWLQJ WKH WHVWV LQ VHFWLRQ  DQG  EXWZLWK WKH JODQG UHPRYHG WKHUHE\
UHGXFLQJ WKH H[LW UHVWULFWLRQ 7KH JODQG KDV QR HIIHFW RQ WKH PDVV IORZUDWH VLQFH WKH IORZ LV FKRNHG XSVWUHDP
+RZHYHU)LJ VKRZV WKHHIIHFWRQ WKHGLVF IRUFHVDQG VKRZVDJUHDWHU UHGXFWLRQ LQGLVF IRUFHRYHU WKH OLTXLG
IUDFWLRQUDQJHZKHQWKHJODQGLVUHPRYHG)RUWKLVYDOYHLQFOXGLQJWKHJODQGUHVXOWVLQDGLVFIRUFHZKLFKKDVOHVV
VHQVLWLYLW\WRWKHOLTXLGPDVVIUDFWLRQ
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
)LJ(IIHFWRIJODQGRQEDFNSUHVVXUHEDUOLTXLGPDVVIUDFWLRQ
7KHGDWD LQGLFDWH WKDW WKHYDOYHGLVFIRUFHVFDQEH LQIOXHQFHGE\ WKH OLTXLGPDVV IUDFWLRQEXWFDQEH UHODWLYHO\
LQVHQVLWLYHGHSHQGLQJRQEDFNSUHVVXUHHIIHFWV)LJVKRZVWKDWEDFNSUHVVXUHIRUEDUXSVWUHDPSUHVVXUHDQG
OLTXLGPDVVIUDFWLRQRILVQHDUO\WLPHVJUHDWHUZKHQWKHJODQGLVLQSODFH:KHQWKHEDFNSUHVVXUHLVKLJKHU
WKH JDV GHQVLW\ZLOO EH KLJKHU DQGGLIIHUHQFHV EHWZHHQ WKH SKDVHVZLOO EH OHVV UHVXOWLQJ LQ DPRUH KRPRJHQHRXV
PL[WXUHZLWKDUHGXFWLRQLQVHQVLWLYLW\WRWKHSKDVHIUDFWLRQ2YHUDOOWKHVXJJHVWLRQVIURPWKH1DUED\DVKLHWDO>@
VWXG\ WKDW WKHYDOYHGLVF IRUFHV FDQEHQRUPDOL]HGXVLQJSUHVVXUH VLPLODU WR VLQJOHSKDVH IORZ VWXGLHV FDQQRWEH
JHQHUDOL]HGWRDOOFRQGLWLRQV7KHLUVWXGLHVZHUHFRQGXFWHGDWKLJKHUSUHVVXUHZKHUHQRQHTXLOLEULXPHIIHFWVGXHWR
SKDVH YHORFLW\ VOLS DUH OHVV QRWLFHDEOH +RZHYHU LQ WKH VWXGLHV SUHVHQWHG KHUH DW ORZHU SUHVVXUH LQGLFDWH WKDW
GHSHQGHQF\RQOLTXLGIUDFWLRQLVPRUHDSSDUHQW7KLVPD\EHGXHWRQRQHTXLOLEULXPHIIHFWV
&RQFOXVLRQV
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>@ 00 $OVKDLNK: 'HPSVWHU $ &)' VWXG\ RQ WZR SKDVH IUR]HQ IORZ RI DLUZDWHU WKURXJK D VDIHW\ UHOLHI YDOYH WK ,QWHUQDWLRQDO
&RQIHUHQFHRQ0XOWLSKDVH)ORZLQ,QGXVWULDO3ODQW6HVWUL/HYDQWH,WDO\6HSWHPEHU
